
The present invention relates generally to the recovery of metal values, 



5 such as tantalum and niobium compounds, from solids such as ores, ore residues, 
slags and other materials which include the metal values, and in particular the 
depleted, fluoridated solids remaining after the conventional processing of ores, 
concentrates or slags in hydrofluoric acid. 



10 Background of the Invention 

There are numerous proposed schemes by which various natural ores, 
concentrates and slags may be processed for the recovery of metal values. One 
commercial scheme for the extraction and separation of tantalum and niobium (also 
known as columbium) values from ores, or from the widely available tin slags, is "1 5 j ^ i ^ ' ;< 
. 15 described in detail in U.S. Patent Nos. 2,767,047, 2,953^453, 3,117,833, J . r 

3,300297, 3,658,51 1, 3,712,939 and 4,164,417. In this process, feed solids are : ^ I " * : 
digested with hot concentrated hydrofluoric acid to solubilize most of the tantalum 
and niobium values as chlorides. A liquor containing the dissolved metal values is 
separated by filtration and treated in a multistage liquid-liquid extraction cascade 
20 wherein the metal values are extracted with methyl isobutyl ketone. The resulting 
filter cake from this process still contains small amounts (1-5%) of tantalum and 
niobium and also small amounts of natural radioactive elements such as uranium 
and thorium. Also retained in these solids is about 35 to 40% moisture and a small 
amount of residual hydrofluoric acid. Most of the metallic elements in the solids 
25 have been converted to fluorides or oxyfluorides during the initial digestion. 

Generally the resulting filter cakes are stored for later processing to enable 
the further recovery of previously unrecovered metal values. Recovery of the 
remaining tantalum and niobium helps to offset the cost of treatment of these solids 
and also greatly reduces the amount of residual fluoride which might be 
30 undesirable in subsequent uranium recovery. Because of the variety of original ore 
sources and possible changes in the chemistry of the solids over time, any 
processing scheme must take into account the variable nature of these solids. 

U.S. Patent No. 5,023,059, the disclosure of which is hereby incorporated 
herein by reference, relates to a process for recovering metal values and 
35 hydrofluoric acid from the filter cake produced by ore processing. 



Summary of the Invention 

The present invention provides a process for separation and recovery o f 
metal values, such as tantalum and niobium compounds, from metal containing 
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materials such as ores, ore residues and slags which include the metal values, and 
in particular the depleted, fluoridated solids remaining after the conventional 
processing of ores, concentrates or slags. In a preferred embodiment, the present 
invention provides a process which enables the recovery of said metal values in a 
5 sulfuric acid solution without dissolution of significant amounts of uranium from 
said dilute solids. 

With reference to stockpiled ore residues remaining after the conventional 
processing of ores, it has been found that over long periods of storage (years), the 
uranium in the stockpiled solids tends to oxidize through contact with air, which 

10 makes it more soluble in the acid media. This dissolution of uranium would 
contaminate the tantalum and niobium products if not separated by other means. 
Another characteristic of these solids is that over the long period of storage some 
or all of the residual hydrofluoric acid has evaporated which has an effect on the 
recovery of the desired elements, tantalum and niobium and the suppression of 

15 dissolution of the uranium. 

According to the present invention, a process for recovering metal values 
from a metal containing material comprises: digesting the metal containing material 
in a sulfuric acid solution in the presence of a small amount of a reducing agent and 
a carbon source, heating the digestion mixture and then separating the resulting 

20 solution from the remaining solids. The sulfuric acid solution may additionally 
include hydrofluoric acid as a source of additional fluoride ion. 

The process of the present invention accomplishes long-felt objectives in 
the art including: 

the recovery, in soluble form, as much tantalum and niobium a s possible 
25 from metal con tainin g materials, such as an ore residue, comprising tantalum and 
niobium, utilizing sulfuric acid as the main active agent in the dissolution, without 
at the same time dissolving significant percentages of uranium contained in the 
metal containing material ; and — 
producing metal containing material solids with improved environmental 
30 performance. 

An advantage of the process of the present invention is that it utilizes 
sulfuric acid, which because of its stronger character can dissolve more starting 
metal containing materials, thus concentrating somewhat the residual radioactive 
elements in the undissolved solids and at the same time avoid dissolution of 
35 significant amounts of uranium. 

Another advantage of the process of the present invention is that the use of 
sulfuric acid as opposed to hydrofluoric acid as the principal acidic media results in 



EXPRESS MfltSRo. Erf Q7373Q7D3 



3 

release of more of the tantalum and niobium from the starting metal containing 
material and thus gives better recovery of said metals. 

A further advantage of the process of the present invention is that the metal 
containing material solids which are treated according to the process of the present 
5 invention have improved environmental performance. 



Detailed Description of the Process 

As set forth above, the present invention provides a process for recovering 
metal values, particularly tantalum and niobium metal values, from a metal 

10 containing material such as ore residue solids resulting from conventional ore 

digestion processes. The process of the present invention may be advantageously 
utilized to recover metal values from ore residue solids which have been stored. 

According to the present invention, a process for recovering metal values 
from a metal containing material such as an ore, concentrate and/or slag residue 

15 resulting from the dissolution of tantalum and niobium in ^hydrof luoric acid 

comprises: digesting the metal containing material in a sulfuric acid solution in the 
presence of a small amount of a reducing agent and a carbon source for a period of 
time sufficient to solubilize the metal values, generally at least 0.5 hours, 
preferably 1 to 3 hours; heating the digestion mixture to a temperature of above 50° 

20 C, preferably 75-90° C for a period of time sufficient to complete the 

solubilization, generally for at least 0.5 hours, preferably 0.5 to 3 hours; and then 
separating the resulting solution from the remaining solids. The sulfuric acid 
solution may also include hydrofluoric acid as a source of fluoride ion. 

The process of the present invention is particularly advantageous because it 

25 utilizes sulfuric acid instead of hydrofluoric acid as the principal reagent for 

dissolution of tantalum and niobium without also dissolving significant amounts of 
uranium. This greatly improves the economics of the operation, while retaining 
substantially all the radionuclides in the undissolved solids. — 
While not wishing to be bound by any theory, it is believed that the 

30 tantalum and niobium, which are initially present in the filter cake as fluorides, are 
dissolved while the uranium, which has undergone air oxidation is reduced to a 
lower state of oxidation by the iron. The prese nce of a small amount ofj ree 
flu oride ion fr om the HF addition causes the uranium in the lower oxidation state 
to be preci pitated , .Brobably as UF 4 . The activated carbon acts as a catalyst for the 

35 reduction process. It is theorized that hydrogen gas, formed by the reaction of iron 
with the sulfuric acid is adsorbed on the carbon, where it is made available in a 
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more reactive form to cause the reduction of U 6+ to U 4 * from which state it can 
react with fluoride ion to form the highly insoluble UF 4 . 

The reducing environment created by the reducing agent and carbon also 
reduces any trace amounts of chromium and/or arsenic present in the solids. 
5 Particular embodiments of the process of the present invention are 

described in more detail in the following paragraphs, and by way of the following 
examples. 

According to em embodiment of the present invention, a process for 
recovering tantalum and niobium fluorides from a metal containing material 
10 comprising an ore, concentrate, slag or a mixture thereof which has been 

previously fluoridated by treatment with hydrofluoric acid and which comprises 
tantalum, niobium and radioactive metal values, including uranium comprises: 

digesting the metal containing material for at least 0.5 hours, preferably for 
1 to 4 hours, more preferably for about 1-2 hours at ambient temperature in a 
15 sulfuric acid solution comprising: 

.09 to 0.5, preferably 0.25 to 0.40, more preferably 0.33 pounds 
of concentrated sulfuric acid per pound of metal containing material solids (dry 
basis); 

0.01 to 0.05, preferably 0.02 to 0.03, more preferably 0.02 
20 pounds of a reducing agent per pound of metal containing material solids (dry 
basis); 

0.01 to 0.05, preferably 0.02 to 0.03, more preferably 0.02 
pounds of a carbon source per pound of metal containing material solids (dry 
basis) and 

25 sufficient water to make a solution of 10 to 20%, preferably an 1 1 

to 15%, more preferably approximately 1 1% sulfuric acid in water; 

heating the digestion mixture to above 75° C, preferably to 80 to 90°, more 
preferably to 75-90° C for at least 0.5 hour, preferably 0.5 to 1 hours, more 
preferably about 1/2 hour; 
30 cooling the resulting mixture to below 70° C, preferably 50 to 70° C, more 

preferably 50-60° C; 

separating the resulting solution from the undissolved solids, preferably by 
filtering. 

The sulfuric acid solution may additionally include 0.05 to 0.2, preferably 0. 1 to 
35 0.2, more preferably 0. 12 pounds per pound of solids (dry basis) of at least 50%, 
preferably 70% hydrofluoric acid (HF) as a source of fluoride ion. 
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The separated solution (filtrate) will comprise tantalum and niobium metal 
values and may be further processed, for example in a solvent extraction system, 
to concentrate and recover the tantalum and niobium by known methods, such as 
those described in other patents mentioned above. The separated solids may be 
5 dried by conventional means, such as co-current direct fired drying. If desired, the 
separated solids may be further processed to recover uranium and/or other metal 
^v alues. > 
In a preferred embodiment, the process of the present invention further 
comprises the following steps after the separation step: 
10 washing the separated undissolved solids with a volume of water equal to 

the volume of the resulting solution separated (the filtrate) and 

recycling the wash water into the sulfuric acid solution utilized in the 
digestion step. 

The sulfuric acid solution utilized in the process of the present invention 
15 may be produced utilizing ingredients which are readily commercially available. 
Suitable reducing agents include reducing metals, in particular metal 
compositions including iron or aluminum. The preferred form of iron is 
commercial forms sold as particulates of 1/16 to 1/4 inches in size. Granulated 
aluminum of similar size could also perform the same function as reducing agent. 
20 Scrap metals, such as scrap iron or scrap aluminum may utilized as the reducing 
agent. 

Suitable carbon sources include: activated carbon. The preferred form of 
carbon is activated carbon, such as used commercially in water treatment sold by 
the Calgon Company. 
25 Preferably the following ingredient ranges are utilized in the digestion 

solution: 

Material Amount Added per Pound Solids, dry basis 

Sulfuric Acid (preferably 96%) 0.09 - .50 

Reducing Agent (preferably Iron Powder) 0.01 - 0.08 
30 Carbon 0.01 - 0.08 

HF (preferably 70%), if utilized 0.05 - 0.36 

The process of the present invention may be performed in conventional 

process equipment. 

As will be recognized from the foregoing description, the process of the 
35 present invention may also be described as a process for treating a metal containing 

material comprising uranium and other metal values, e.g. tantalum and niobium, to 

separate the other metals values from the uranium and produce recovered metal 
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values with lower uranium concentration. (The recovered solids will have a higher 
uranium concentration after processing.) Preferably, the uranium concentration of 
the recovered metal values is less than 5%, by weight, more preferably less than 
1%, by weight. 

5 The features and advantages of the process of the present invention are 

further illustrated by the following examples of certain embodiments of the 
invention. The following test procedures were utilized in the examples. 

The amount of tantalum oxide (Ta20 5 ) in solution was determined by 

assaying the solution. 
10 Uranium concentration was determined through the use of a fluorometric 

procedure in the manner known to those of ordinary skill in the art. 

Example 1 

The first example compares a control process to a process of the present 
15 invention. Run A was a control process wherein filter cake (ore residue solids) 
from a conventional tantalum/niobium production process was digested in sulfuric 
acid without the addition of iron or carbon as reducing agents. Run B was a 
process of the present invention wherein the filter cake was digested in a solution 
comprising sulfuric acid, powdered iron and activated carbon. 
20 In each run the filter cake was digested in a digestion solution, after 

digestion the resulting solution was heated and then the resulting solution was 
separated from the remaining solids by filtration. The process conditions, and 
digestion solution compositions, were as follows: 

Process Conditions 



RUN 


A 


B 


Weight of Filter Cake Sample, wet (grams) 


700 


700 


Weight of Filter Cake Sample, dry (grams) 


441 


434 


Amount of 96% sulfuric acid per gram of dry solids (grams) 


0.33 


0.33 


Amount of Water (grams) 


922 


895 


Amount of Iron Powder (grams) 


0 


30 


Amount of Activated Carbon (grams) 


0 


20 


Concentration of Sulfuric Acid Solution 


11 


11 


Digestion Time (hours) 


1 


1 


Heating Time (hours) 


0.5 


0.5 


Heating Temperature, °C 


80 


80 



25 
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The resulting solution (filtrate)was analyzed utilizing the test procedures 
described above. The results were as follows: 

Concentration in Filtrate, g/1 Run A Run B 

Ta^ 11.2 10.2 

Uranium 0.509 0.043 

Volume of Filtrate, ml 920 836 



These results illustrate that the process of the present invention (Run B) 
successfully recovered substantially the same amount of tantalum metal values 
from the starting filter cake as the control process (Run A), while at the same time 
only dissolving minimal amounts of uranium from the starting filter cake. 

Example 2 

This example also compares a control process to a process of the present 
invention utilizing different starting solids than utilized in Example 1. Run C was a 
control process wherein filter cake (ore residue solids) from a conventional 
tantalum/niobium production process was digested in sulfuric acid without the 
addition of iron or carbon as reducing agents. Run D was a process of the present 
invention wherein the filter cake was digested in a solution comprising sulfuric 
acid, powdered iron and activated carbon. 

In each run the filter cake was digested in a digestion solution, after 
digestion the resulting solution was heated and then the resulting solution was 
separated from the remaining solids by filtration. The process conditions, and 
digestion solution compositions, were as follows: 
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Process Conditions 



RUN 


C 


D 


Weight of Filter Cake Sample, wet (grams) 


700 


700 


Weight of Filter Cake Sample, dry (grams) 


442 


455 


Amount of 96% sulfuric acid per gram of dry solids (grams) 


0.33 


0.33 


Amount of Water (grams) 


925 


971 


Amount of Iron Powder (grams) 


0 


^ 30 


Amount of Activated Carbon (grams) 


0 


20 


Concentration of Sulfuric Acid Solution 


11 


11 


Digestion Time (hours) 


1 


1 


Heating Time (hours) 


0.5 


0.5 


Heating Temperature, °C 


80 


80 



The resulting solution (filtrate)was analyzed utilizing the test procedures 
described above. The results were as follows: 
5 Concentration in Filtrate, g/1 RUN C RUND 

Ta20 5 14.1 16.1 

Uranium 0.25 0.020 

Volume of Filtrate, ml 810 941 

10 These results illustrate that the process of the present invention (Run D) 

successfully recovered more tantalum metal values from the starting filter cake than 
the control process (Run C), while at the same time only dissolving minimal 
amounts of uranium from the starting filter cake. 

15 Example 3 

This example illustrates the effect of adding a small amount of a source of 
fluoride ion to the sulfuric acid solution in a process of the present invention. In 
the above examples, there was sufficient free hydrofluori c acid in the sta rting 
samples to pennj tmost of the uranium to be held in the undissolved solids as a 
20 ^ fluoride. However, due to the variable nature of the solids, this is not always the 
case. The following example runs shows the effect of adding a small amount of 
additional hydrofluoric acid to supply enough fluoride ion to combine with the 
uranium. 

Run E was a process of the present invention wherein filter cake (ore 
25 residue solids) from a conventional tantalum/niobium production process was 
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digested in a solution comprising sulfuric acid, powdered iron and activated carbon 
without the addition of hydrofluoric acid (HF). Run F was a process of the 
present invention wherein the filter cake was digested in a solution comprising 
sulfuric acid, powdered iron, activated carbon and hydrofluoric acid (HF). 
5 In each run the filter cake was digested in a digestion solution, after 

digestion the resulting solution was heated and then the resulting solution was 
separated from the remaining solids by filtration. The process conditions, and 
digestion solution compositions, were as follows: 

Process Conditions 



RUN 


E 


F 


Weight of Filter Cake Sample, wet (grams) 


700 


700 


Weight of Filter Cake Sample, dry (grams) 


446 


447 


Amount of 96% sulfuric acid per gram of dry solids (grams) 


0.33 


0.33 


Amount of Water (grams) 


942 


937 


Amount of Iron Powder (grams) 


10 


10 


Amount of Activated Carbon (grams) 


5 


5 


Amount of concentrated (70%) HF (grams) 


0 




Concentration of Sulfuric Acid Solution 


11 


11 


Digestion Time (hours) 


1 


1 


Heating Time (hours) 


0.5 


0.5 


Heating Temperature, *C 


80 


80 



10 

The resulting solution (filtrate)was analyzed utilizing the test procedures 
described above. The results were as follows: 

Concentration in Filtrate. g/L RunE Run F 

Ta^ 12.12 9.44 

15 Uranium 0.12 0.0313 

Volume of Filtrate, ml 1035 970 

These results illustrate the advantages of adding a small amount of 

hydrofluoric acid to insure that there is enough free fluoride ion to combine with 

the uranium. 



It should be clearly understood that the forms of the present invention 
herein described are illustrative only and are not intended to limit the scope of the 
invention. 



